The transient phase of increased susceptibility to bacterial infection appearing after the parenteral administration of killed gram-negative bacteria or their endotoxins has been well documented (Wright, 1904;  Delaunay, Sarciron, and Pages, 1944; Conti, Cluff, and Scheder, 1961; Dubos and Schaedler, 1956 ). However, the relationship between this altered state of resistance of the host and the early physiological responses to endotoxin has received relatively little attention. At least two of these responses seemed quite pertinent: (i) in the rabbit and rat, endotoxin causes a transient hyper-reactivity of blood vessels to the local application of epinephrine or norepinephrine (Thomas, 1956; Zweifach, Nagler, and Thomas, 1956) ; and (ii) epinephrine injected at the site of infection in guinea pig skin causes a transient local enhancement of a staphylococcal 1 Presented in part at the 63rd Annual Meeting of the American Society of Microbiology, Cleveland, Ohio, April, 1963. infection (Evans, Miles, and Niven, 1948) . These observations led us to consider that the early vascular alterations induced by endotoxin may mediate the increased susceptibility of the host.
To test this hypothesis, we chose a system in mice whereby small amounts of endotoxin given intravenously were effective in lowering the normal resistance of the animal to a subsequent staphylococcal or pseudomonad infection. Such animals were pretreated with certain pharmacological agents known to block the vasoconstrictive effects of adrenergic hormones and also the effects of histamine, to determine whether such substances might play a role in the endotoxin-induced phase of lowered resistance to bacterial infections.
MATERIALS AND METHODS Animals. Male mice of the Ha/ICR strain were used throughout. They weighed 18 to 20 g, were housed 10 to a metal cage, and were fed Purina laboratory chow and water ad libitum. All of the mice were obtained from Bellewood Farm, Englishtown, N.J., except those used in the last experiment. These were obtained from Charles River Breeding Laboratory, Inc., Wilmington, Mass.
Bacterial cultures. Staphylococcus aureus Smith and Pseudomonas aeruginosa were maintained and used as previously described (Sultzer and Freedman, 1962 Enumeration of leukocytes. Of several methods used for counting peritoneal leukocytes, the most efficient for our purposes was a modified procedure of Spiers et al. (1962) . The mice were killed with chloroform, and the skin was immediately removed from the abdominal area. The peritoneum was incised, and the viscera and peritoneal cavity were thoroughly flushed with 10 ml of 0.1% disodium ethylenediaminetetraacetate (EDTA) in 0.9% sodium chloride. Two drops of 0.1% aqueous methylene blue were added to the wash fluid and the lightly stained leukocytes were counted by means of a hemacytometer.
RESULTS
The antihistamines were the first drugs tested. Tripelennamine was employed in three trials with 6 to 10 mice per group and brompheniramine was used in two trials of 10 mice per group. Both compounds were administered 2 hr prior to the endotoxin injections at dosages which were tolerated by the mice without any gross ill effects. The mice were then given endotoxin iv and 30 min later were challenged with S. aureus. Consistent results were obtained in all trials and, therefore, the combined data are presented in Table 1 . From the results obtained with the saline and endotoxin controls, it is apparent that a small dose of potent endotoxin will increase the susceptibility of these mice to an inoculum of S. aureus which ordinarily is lethal for only a small proportion of the injected mice. However, in all of the groups which were pretreated with either tripelennamine or brompheniramine, the per cent mortality did not differ significantly from the endotoxin controls (P > 0.05). It should be noted that as much as 500 Aug ip of brompheniramine also had no effect in other experiments, and that a 200-,ug dose of tripelennamine was uniformly lethal within 15 min to a group of 10 mice.
Subsequently, experiments were undertaken with two antiadrenergic agents, phenoxybenzamine and dibenzylchlorethylamine. A pretreatment schedule was adopted with these agents which had been effective in modifying the endotoxin-induced alterations of phagocytic activity of the reticuloendothelial system, as measured by carbon clearance (Freedman and Sultzer, 1963 Table 2 ). The same reversal effect was observed in two experiments with the former drug ( Table 2) . Since small doses of endotoxin also were found to be effective in reducing the resistance of mice. to an ip infection with P. aeruginosa, two trials with 10 mice per group were undertaken with this organism by the same protocol as before. The cumulative data presented in Table 3 indicate that, in terms of the final mortality figures, neither antiadrenergic agent was effective. However, it may be noted that, within the first 3 days after the challenging infection, a difference was obtained in the survival values in both groups of drug-treated mice, indicating possibly a partial inhibition of the endotoxin-induced enhancement of susceptibility to P. aeruginosa. Nevertheless, the results do serve to emphasize the distinction in the pathogenesis of experimental staphylococcal and pseudomonad infections in mice.
The question whether pretreatment by these antiadrenergic agents could independently increase the resistance of the host to a staphylococcal infection was considered. Although a priori this was not to be expected, the possibility existed that extravascular leukocyte migration into the peritoneal cavity might be stimulated by some irritating property of these agents; this, with phagocytosis of the staphylococci, might result in a favorable outcome for the host, regardless of the subsequent effect of endotoxin. Accordingly, two experiments were designed to test this hypothesis. In the first, each material was administered to mice by the same procedure as previously described, but the endotoxin injection was omitted. Then the mice were challenged with an inoculum of S. aureus 10-fold greater than that used in the original system. The data of three trials shown in Table 4 indicate no significant increase in the resistance of the mice to this challenge (P > 0.05). In the second experiment, each material was given to mice as before. However, at the time when endotoxin would have been given, they were killed, and the number of leukocytes in the peritoneal cavity was estimated by direct hemacytometer counts of the wash fluid. Representative data from one of several experiments are shown in t Given at 50.0 jAg per 0.5 ml, 24 and 2 hr before killing the mice.
level of white blood cells present in the peritoneal cavity after pretreatment with either antiadrenergic drug does not appear to differ from the uninjected controls. However, the mice injected in the same manner with saline had leukocyte levels decidedly depressed as compared with the drug-treated or the uninjected animals. This observation has been discussed in relation to the phenomenon of leukergy (Buxton and Torrey, 1906) . It should also be noted that from our preliminary experiments, saline-treated mice do not appear to differ from untreated mice in their resistance to staphylococcal infection.
DIscussION
The mechanism by which endotoxin initially lowers the resistance of mice to experimental infection is not well understood. When doses of endotoxin approaching 1 LD5o are used in combination with certain gram-negative bacterial infections, it would be reasonable to consider the combination of the lethal effect from the injected endotoxin and that inherent to the challenge organism as being productive of an overall endotoxemia in the host. However, where 1.0% of an LD5r of endotoxin produces a significant increase in susceptibility to S. aureus and P. aeruginosa, other factors must be considered.
The reversal of this transient phase of increased susceptibility to staphylococci after mice are pretreated with antiadrenergic agents would seem to imply the involvement of endogenous adrenergic factors in this infection. The work of Thomas (1956) and Zweifach et al. (1956) emphasizes that adrenergic effects from small doses of endotoxin occur and can be reversed by phenoxybenzamine. Furthermore, the effect of endotoxin on smooth muscle response is suggested by its SUSCEPTIBILITY TO STAPHYLOCOCCAL INFECTION inhibition of the motility of the gastrointestinal tract (Berry and Smythe, 1959) . That adrenergic factors are involved in endotoxin shock has been discussed (Ragkovi and Van6cek, 1964; Gilbert, 1960) . More specifically, dibenzylchlorethylamine has been shown to reverse the typhoid endotoxininduced vasoconstriction in the rabbit (Boquet and Izard, 1950) , and phenoxybenzamine has been reported to be effective in reducing endotoxin mortality in mice, when used in sufficient concentration and with sufficient time for blockade (Gourzis, Hollenberg, and Nickerson, 1961) . Finally, the fact that an acetylated endotoxin significantly reduced in its toxic properties for mice is likewise reduced in its capacity to induce this phase of transient susceptibility to staphylococci (Sultzer and Freedman, 1962) suggests that the lethal properties of large amounts of endotoxin may be intimately involved with the ability of small endotoxin doses to lower resistance to infection.
With regard to the specific events at the site of infection, Cohn (1962) reported that small doses of endotoxin inhibit the influx of neutrophils into the peritoneal cavity when given simultaneously with an intraperitoneal staphylococcal infection, so that extracellular multiplication of bacteria rapidly reaches a level where the combination of monocytic and neutrophilic phagocytosis is quantitatively overwhelmed. From our results, one might interpret this inhibition of neutrophil migration as a consequence of endotoxin-induced vasoconstrictive effects and resulting blood stasis, events which are nullified by the antiadrenergic agents.
Another alternative might be the involvement of the effects of the a-toxin produced by S. aureus Smith as it multiplies within the host. The work of Thal and Egner (1961) indicates that staphylococcal a-toxin is a potent vasoactive substance which acts selectively on the smooth muscle cell, producing an initial prolonged contraction and subsequent paralysis. According to these workers, the generalized pooling of blood brought about by the direct vasoparalytic effect of the a-toxin would appear to be the basis of the lethal effect. The possibility then exists that endotoxin may enhance the vascular alterations and subsequent lethal properties of the staphylococcal a-toxin in the mouse. Thus, a delay in neutrophil mobilization mediated by hyper-reactivity to endogenous vasoactive substances, combined with the possible hyper-reactivity to the effects of a-toxin, may serve to explain the transient depressed resistance to a staphvlococcal infection in the mouse seen after endotoxin administration.
